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571 ABSTRACT

A knock sensor is provided on a selected cylinder
which is most liable for engine knocking to occur. The
ignition {iming i1s corrected in accordance with the
occurence of knock in the selected cylinder. The cor-
rected ignition timing 1s stored in a table for operating
all cylinders of the engine.

3 Claims, 1§ Drawing Figures

70

my
1 {
RESE RCMP
O-RCMP




liliil%l

| warnany |~ w3103
_ . oL

4,726,339
O
i

—— ]
| ’ _ |
et | |
- _ |
y _ |
~p | _
m * — H01Y4vdW0J LENVIE YOSNIS NIONX _
77 | | _ . .
- _ - Q |
_ 1404 m 6 _ Ly -
1NdNI " B .
- _
X _ | LIJYI ~ YOSNIS
» . m m R  033ds NSN3
o _ “ 9 - s v
o _ _ |
T04IN0OI 140d | | Y3143ANOT ~ YOSNIS J4NSSYd
ININLL 1Nd1N0 a/v 41¥ INVLNI

NOILINJI

U.S. Patent
e



118V 00143d
ININIWY1 140
JINVAQY

4,726,339

[QV

¢ DIl

—
\ o
oo | |
_M _ %Ewm__m_um T1avl NOI1J34403 40
2 LINJYII | 01 y4ydi0d IN319144309 HIGWNN 3HL YO
L LILN¥D NN
= [INILYINIV] oNioNvAGY] | W13 118%1
b 6 0S AQ¥| 7 NT eV _
- , INYND
3 it paigay_| ok g3i0s
v o
= TUTE L s INIIIL NOILINSI
> _
P HOSN3S 8y _
- AN I 1INOYI3 INILLIS " wmu__%%_uhﬁ_ﬁ_z
: NI~ (
[Falyds styag| SNIWLLNOLL EL
/ o . 033dS 3INIIN]

JISvd
LY -

“U.S. Patent



US. Patent  Feb. 23, 1988 Sheet 3 of 10

4,726,339
MAPSTD _ MBT
Q2a . L L 92b

" ENGINE SPEED .  ENGINE SPEED

F1G. 3 FI1QG. 3D

MAPSTD © MBT

1 1 3
4 2 4
COEFFICIENT K

FIG. U

1




US. Patent  Feb. 23, 1988 Sheet 40f 10 4,726,339 I B

m“nu

00 800809 ENGINE SPEED

"FIG.5a

34

ENGINE SPEED

FIG. 5b

RETARDING DEGREE

KNOCK INTENSITY

FIG. 5¢



US. Patent  Feb. 23, 1988 Sheet 5of10 4,726,339
' CFIG 6

60
SELECTED NG
CYLINDER
YES
CALCULATE

ENGINE SPEED AND |6
INTAKE AIR PRESSURE |

LOOK UP ACCELERATION]
DETERMINING |62

VALUE TABLE |
63

YES ENGINE 1S
:‘ABCELERATED
' NO 65

<.PCMP=0 ?

| FINE |
. CORRECTION SUBROUTINE
| ROUGH l 69

CORRECTION SUBROUTINE}| CORRECTING

64 <ﬂUANTITY EXCEEDS
_ ~~SET_VALUE

ACCELERATION TIMING | | YES
CORRECTION SUBROUTINE|l RESE RCMP
— 0-RCMP
‘ CALCULATE REAL LOOK UP IGNITION
68 mmnugp;lm NG TIMING TABLE

NG




U.S. Patent  Feb. 23, 1988 . . Sheet 6 of 10 4,726,339

- START

_ H KNOCK DOES

B g5 <Tor OCCUR num\§ -

- ;
CALCULATE KNOCK N piRion> O
INTENSITY YYES
' SUBTRACT ADVac 86
CALCULATE RETARDING SPKae -ADVac—SPKaca [
DEGREE (RETac )

83 87
SPKaca < O NG

Es 88

~ STORE 89
SPKacr AND SPKaca

' RETURN

SPKac +RETae —SPKacr

F1G. 7/



US. Patent  Feb. 23, 1988 Sheet 7 of 10

START

CALCULATE
ENGINE SPEEDAND [~

INTAKE AIR PRESSURE

CALCULATE~MAPSTD.MBT [~ 22

93 -

DIFFERENCE BETWEEN MAPSTD AND

<MBT IS GREATER ~>_
THAN SET VALUE— N0 —

YES

94 - - 06
- KNOCK DOES
KNOCK OCCURRED 0 <N%T UE[T:U% &[&R ﬁ m

90 YES

INCREASE

FCREASE ASE
DAL COEFFICIENT K

COEFFICIENT K

K-2K —K

K |
£’2— 2K

08 |

>—ROUGH .

CORRECTION 0
COMPLETES

1 RESET
- |COMPLETION FLAG RCMP|
O — RCMP

OOULTE . 00
GNITION TIMING - ,
MAPSTD+K2MAPMBT -SPKi F1G 8

RETURN

SET
COMPLETION FLAG RCMP
- 1——RCMP

4726339




~ US. Patent

~ Feb. 23,1988

CALCULATE
ENGINE SPEED AND
INTAKE AIR PRESSURE

101

102

vo ENGINE OPERATION

S

l
RETURN

IS IN STATE
FOR CORRECTION—"

ES

'LOOK UP CORRECTING
QUANTITY SPKprt
AND NUMBER

OF CORRECTION NUM

103

LOOK UP RETARD  }-104

~ COEFFICIENT LN
AND ADVANCE
DETERMINING
PERIOD AD)

105

KNOCK OCCURRED N

YES

CALCULATE INTENSITY
AND INTERVAL OF
KNOCKS AND LOOK UP
RETARDING
QUANTITY KNK

106

107

FIG

Oa

Sheet 8of 10 4,726,339
109
KNOCK ocﬁjﬁzn
< [N ADVANCE %@
DETERMINING PERIOD —
NO
|
110

RETURN



U.S. Patent  Feb. 23, 1988 Sheet 9of10 4,726,339

102 106 o 109
] _ _ 119 10'9
CALCULATE |07 '
| REAL RETARDING | SPKprt +ADV-SPKprta
QUANTITY RETreal .

108 111
SPKprt- RETrea~SPKprtar NO_ SPKyrta>MBT-SPKps >

112
YES

MBT- SPKys—SPKprta |

113

| STORE SPKpt,

F1G. 90

' RETURN



U.S. Patent  Feb. 23, 1988 Sheet 10 of 10 4,726,339

—L

RETARD COEFFICIENT LN

I
~ NUMBER OF CORRECTION NUM

FI1G. 10a

ADVANCE DETERMINING PERIOD

NUMBER OF CORRECTION NUM

F1G. 10D



4,726,339

1
SYSTEM FOR CONTROLLING THE IGNITION
TIMING OF AN INTERNAL COMBUSTION
ENGINE

BACKGROUND OF THE INVENTION

The present invention relates to a system for control-

ling the ignition timing of an internal combustion engine

such as an automotive engine.
A learning control system for correcting the ignition

timing has been proposed. The control system is

adapted to advance the ignition timing so as to produce
a maximum torque as long as the level of the engine
knock does not exceed a tolerable level. The ignition
timing stored in a RAM is corrected by a small correct-
ing quantity (quantity of correction) and converged to a
desired value little by little.

In a conventional ignition timing control system, the
ignition timing is controlled at each cylinder by a quan-
tity of correction obtained in a program for each cylin-
der. The correcting quantities for each cylinder are
stored in a RAM. Therefore, a RAM having a large
capacity must be provided in the system.

SUMMARY OF THE INVENTION

- The object of the present invention is to provide a
system which may control the ignition nmmg by using
a RAM having a small capacity.

To this end, in the system of the present invention,
only one cylinder which is liable for engine knockmg to
occur is selected, and the occurrence of knock in the
selected cylinder is detected. The ignition timing is
controlled in accordance with conditions, such as knock
in the selected cylinder. Other cylinders than the se-
lected cylinder are operated by the ignition timing de-
cided for the selected cylinder.
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According to the present invention, there is provided
a system for controlling the ignition timing of an inter-

nal combustion engine having a microprocessor and an

ignition timing control device comprising, sensing

means for sensing operating conditions of the engine
and for producing an engine operating condition signal,
a knock sensor for sensing engine knock in a selected
cylinder and for producing a knock signal. The system
further comprises first means for distinguishing the
timing for determining the ignition timing of the se-
lected cylinder and for producing a control starting
signal, second means responsive to the control starting
signal, to the engine operating condition signal and to
the knock signal for producing an ignition timing cor-
recting signal representing an ignition timing correcting
quantity at a time for deciding the ignition timing, third
means responsive to the ignition timing correcting sig-
nal and for correcting the ignition timing, fourth means
for storing the corrected ignition timing for operating
the engine.

The other objects and features of this invention will
be apparently understood from the following descrip-
tion with reference to the accompanying drawings.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a block diagram showing a control system
according to the present invention;
- FIG. 2 is a block diagram shewmg a main part of the
control system:;
FI1GS. 3a and 3b show tables storing a plurality of
1gnition timings;
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FIG. 4 shows a range of a coefficient K;

FIGS. 5a to 5c are tables for an acceleration subrou-
tine;

FIGS 6 to 95 are ﬂow charts showing the operation
of the system;

FIGS. 10a and 106 show a retard coefficient table and
an advance determining period table, respectively.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

Referring to FIG. 1, an intake air pressure (or quan-
tity) sensor 1 and engine speed sensor 4 such as a cran-
kangle sensor are provided to detect engine operating
conditions of an automotive engine. A knock sensor 7 is
provided on a selected cylinder which is most liable for
engine knocking to occur. The output of the sensor 1 is
applied to an A/D converter 3 through a buffer 2, and
the output of the sensor 4 is applied to an interrupt
processing circuit 6 through a buffer 5. The output of
the knock sensor 7 is applied to a comparator 12
through a filter 8 and amplifier 9, and, on the other
hand, to the comparator 12 through a rectifier 10 and
amplifier 11. The comparator 12 compares both inputs
and produces an output signal when an engine knock
having a higher level than a predetermined value gener-
ates. Outputs of the A/D converter 3, circuit 6 and
comparator 12 are applied to a microprocessor 18
through an input port 13.

The microprocessor 18 comprises a CPU 15, RAM
16, ROM 17 and output port 14. The output of the
microprocessor 18 is applied to an ignition timing con-
trol device 21 through a driver 19 so as to control the
ignition timing in accordance with the engine operating
conditions sensed by the sensors 1, 4 and 7.

FIG. 6 shows the operation of the control system in a
summary. A program starts at predetermined crank
angles. When the program starts at a step 60, it is de-
cided whether the program is at the time for calculating
the ignition timing for the selected cylinder. When the
program is for the selected cylinder, the program pro-
ceeds to a step 61, where engine speed and intake air
pressure are calculated, and the difference between
pressures at the program and at last program is calcu-
lated. Further, an acceleration determining value at the
engine speed is read from an acceleration determining
value table 33 of FIG. 5a at a step 62. Thereafter, it is
determined, at a step 63, whether the engine is acceler-
ated by comparing the pressure difference with the

acceleration determining value read out at the step 62. If

the difference is larger than the value, it is determined
that the engine is accelerated. When the engine is accel-
erated, the program proceeds to a correction subroutine
64 for acceleration ignition timing. In the subroutine,

‘correcting quantity (quantity of correction) for the
acceleration is obtained and stored in the RAM 16.

[f the engine is not accelerated, the program proceeds
to a step 635, where it 1s decided whether a rough correc-
tion has been executed (whether a rough correction
completion flag RCMP is set). In accordance with the
decision, rough correction or fine correction is exe-
cuted in a rough correction subroutine 66 or a fine
correction subroutine 67. In the subroutine 66, a basic
1gnition timing is obtained and the timing is corrected to
obtain a real ignition timing SPK at a step 68 by correct-
iIng quantity obtained in the subroutine 64 or 67, as
described hereinafter. The ignition timing SPK is stored
in an ignition timing table. If the basic ignition timing
obtained in the rough correction subroutine largely
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deviates from a new desired value by a large distur-
bance during the fine correcting operation in the sub-
routine 67, the correcting quantity in the subroutine 67
becomes very large. In such a case, it takes a long time
to correct the deviation. Accordingly, if the correcting

quantity exceeds a predetermined value at at step 69, the
rough correction completion flag RCMP 1s reset at a

step 70, whereby the deviation 1s quickly corrected in
the rough correction subroutine 66. If the program is at
the time for another cylinder than the selected cylinder,
the program proceeds to a step 61a. At the step 614, the
ignition timing SPK is read from the ignition timing
table, so that the corresponding cylinder is operated at
the timing SPK.

The rough correction is an operation for obtaining a
basic ignition timing SPKj;; which is calculated in a
basic ignition timing setting circuit 40 shown in FIG. 2.
FIG. 8 shows the operation of the rough correction. At
a step 91, engine speed and intake air pressure are calcu-
lated based on output signals of sensors 1 and 4. There-
after, at a step 92, a first maximum ignition timing
MAPSTD and a second maximum ignition timing MBT
are read from tables 92a and 926 (FIGS. 3a, 3b) in the
ROM 17, in accordance with the engine speed and
intake air pressure. The first maximum ignition timing is
maximum timing for producing maximum torque with
low-octane gasoline without knocking occurring and
the second maximum ignition timing 1s maximum timing
for producing maximum torque with high-octane gaso-
Jine without knocking occurring.
~In the system, a coefficient K for correcting the igni-
tion timing is provided. The value of the coefficient K is
preliminarily set to a value between zero and 1 as shown
in FIG. 4.

The coefficient K is stored in the RAM 16 and up-
dated in accordance with engine operating conditions
so as to roughly converge the ignition timing to a de-
sired ignition timing. The updating is performed under
a predetermined condition and the condition is deter-
mined at a step 93. When the difference between the
first and second maximum ignition timings read from
the tables 922 and 925 is larger than a predetermined
degree, for example 5°, the updating is performed.
Namely, the program proceeds to a step 94, where it is
determined whether a knock has occurred during the
program. When the occurrence of knock is determined,
the program proceeds to a step 95, and if not, proceeds
to a step 96. At step 95, the coefficient K is decremented
by a correcting quantity AK(AK=K/2), and the re-
mainder K—AK is stored in the RAM 16 as a new
coefficient for the next updating. Accordingly, the cor-
recting quantity AK at the next updating is (K — AK)/2.
Namely, the correcting quantity is a half of the coeffici-
ent K at updating. More particularly, if the initial coeffi-
cient is 4, the correcting quantity is , and if it is O or 1,
the correcting quantity is 4 as seen from FIG. 4.

At the step 96, it is determined whether the engine
has operated without a knock occurring for a predeter-
mined period. When knocking does not occur for the
period, the coefficient K is incremented by the correct-
ing quantity AK at a step 97.

After the updating of the coefficient K at step 95 or
97, it is determined whether the rough correction is
completed at a step 98. As will be understood from the
above description, the correcting quantity AK de-
creases as the number of the correction increases. In the
system, when the correcting quantity reaches a prede-
termined small value, the rough correction is com-
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pleted. Accordingly, if quantity AK reaches the prede-
termined value, a rough correction completion flag
RCMP is set at a step 99, or if not, the flag is reset at a
step 100. On the other hand, the total correcting quan-

tity SPK - and the number of correction NUM of igni-

tion timing are stored in an ignition timing correcting
quantity table 42 and a table 43 (FF1G. 2) for the number

of correction. At a step 100q, a basic ignition timing
SPK s is calculated by a following formula

SPK ps=MAPSTD 4+ KX AMAPMBT (1)

where AMAPMBT =MBT —~MAPSTD

The basic ignition timing is applied to an engine 41
(FIG. 2) to operate the engine at the ignition timing.
The coefficient X is stored in the RAM 16. If the rough
correction is not completed, the coefficient K is up-
dated at the next program so as to roughly converge the
ignition timing to a desired ignition timing as described
above. It will be understood that if the initial coefficient
K is 0, the basic ignition timing SPK s calculated by the
formula (1) is the maximum ignition timing MAPSTD
at the first program. The basic ignition timing SPK;s
obtained by the rough correction is further corrected by
the fine correcting operation as described hereinafter.

 Referring to FIGS. 92 and 95, at a step 102, it is de-
cided whether the engine operation is in a range which
is proper to correct the basic ignition timing SPK ;. If it
Is in the range, the correcting quantity SPK,, and the
number of correction NUM are read from tables 42 and
43 at a step 103. Then, at a step 104, a retard coefficient
LN for retarding quantity RET is looked up from a
retard coefficient table 44 (FIG. 2) of FIG. 104 in accor-
dance with the number of correction NUM, and an
advance determining period ADJ is looked up from an
advance determining period table 45 (FIG. 2) shown in
FIG. 106 in accordance with the number of correction
NUM. Thereafter, the program proceeds to a step 105,
where it is decided whether a knock has occurred dur-
ing the program. When the occurrence of knock is
determined, the program proceeds to a step 106, and if
not, it proceeds to a step 109. At step 106, the intensity
of the knock and the interval of knocks are calculated at
a calculating circuit 47 (FIG. 2), and then, retarding
quantity KNK is looked up from a retarding quantity
table 48 in accordance with the intensity and the inter-
val of knock. At a step 107, a real retarding quantity
RET reqris calculated by multiplying the retarding quan-
tity KNK and retard coefficient LN together (RE-
T'reat=KNK X LN). Thereafter, the program proceeds
to a step 108, where the correcting quantity SPK,,,
stored in the table 42 is subtracted with the real retard-
ing quantity RET . to obtain a new correcting quan-
tity SPK - which is stored in the table 42.

On the other hand, at the step 109, it is decided
whether a knock occurred in the advance determining
period ADJ, which is performed at a comparator 49 in
FIG 2. When knock does not occur in the period, the
program proceeds to a step 110, where an advancing
quantity ADV of a constant small value is added to the
correcting quantity SPK,,, to obtain a new correcting
quantity SPK,,,; which is performed in an advancing
quantity setting circuit S0 in FIG. 2 and stored in the
table 42. Thereafter, at a step 111, it is determined
whether the new correcting quantity SPK,,,, is larger
than a limit value which is obtained by subtracting the
basic ignition timing SPK s from the maximum ignition
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timing MBT (MBT-SPK;;). When the new correcting
quantity SPK, is smaller than the limit value, the new
correcting quantity is stored in the table 42 at a step 113.
~ If it is larger than the limit value, the value of MBT-

SPKys1s used as a new correcting quantity (at step 113)
and stored in the table 42.

Explaining the operation in the subroutine 64 for
acceleration with reference to FIG. 7, occurrence of
engine knock is decided at a step 81. When knock oc-
curs, the intensity of the knock is calculated at a step 82.
In accordance with the intensity, retarding degree
RET, of ignition timing is looked up from a table of
FIG. 3¢ at a step 83. On the other hand, correcting
degree SPK,¢ 18 looked up from a table 34 of FIG. 56 in
accordance with the engine speed, and the retarding
degree RET,. and the correcting degree SPK,. are
added to produce a correcting quantity SPKgcr. The
correcting quantity SPK 4,1 stored in the RAM 16 at a
step 89 for correcting the basic ignition timing obtained
in the subroutine 66.

If knock does not occur, it is determined whether
knock does not occur during a predetermined period at
a step 83. If it does not occur, the program proceeds to
a step 86 where a predetermined advancing degree
ADV 18 subtracted from the correcting degree SPK,,.
(SRK;-ADV,) to obtain a correcting quantity SPK ;..
‘Thereafter, the program proceeds to a step 87, where it
is determined whether the correcting quantity SPK ;¢ is
negative. If the SPK ., is negative, the value of SPK .4
1S set to zero at a step 88. The value is stored in the
RAM 16 at the step 89. The stored value SPK,. or
SPK 2 is added to the basic 1gmt10n timing SPK;; at
step 68 (FIG. 6) to obtain a real ignition timing SPK.

While the presently preferred embodiment of the
present invention has been shown and described, it is to

be understood that this disclosure is for the purpose of

tHlustration and that various changes and modifications
may be made without departing from the scope of the

.- . invention as set forth in the appended claims.

6

What is claimed is:

1. A system for controlling ignition timing of an inter-
nal combustion engine having at least two cylinders, a
mxcmprocessor and an 1gn1tlon timing control device

5 compnsmg
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first sensing means for sensing operating conditions of
the engine at steady state and for producing a
steady state signal; |
-second sensing means for sensing an acceleration
state of the engine and for producing an accelera-
- tion state signal;
a knock sensor for sensing engine knock in a cylinder
selected from the cylinders and for producing a
- knock signal; |
first means for distinguishing the timing for determin-
ing ignition timing of the selected cylinder and for
producing a control starting signal;
second means responsive to the control starting sig-
nal, to the steady state signal, to the acceleration
state signal and to the knock signal for selectively
producing a first ignition timing correcting signal
representing an ignition timing correcting quantity
at a time for deciding the ignition timing in steady
state and for producing a second ignition timing
correcting signal for the acceleration state respec-
tively;
third means responsive to the first or second ignition
timing correcting signal and for  correcting the
~1gnition timing of the selected cylinder:
fourth means for storing the corrected ignition timing
- for deciding the ignition timing of the other cylin-
der.
2. The system according to claim 1 wherein the igni-
tion timing correcting signal is obtained from a table.
3. The system according to claim 1, wherein
~the third means includes means for roughly correct-
ing the ignition timing and means for finely cor-

recting the roughly corrected ignition timing.
x ® Xx X % |
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